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about Aurora-A Activation?
Aurora-A kinases are highly conserved mitotic ki-
nases required for cell division. The regulation of
Aurora-A activity is less highly conserved and
currently poorly understood. Work by Knoblich and
coworkers in this issue of Developmental Cell iden-
tifies the conserved protein, Aurora Borealis (Bora),
as a key regulator of Aurora-A activity during mitosis
(Hutterer et al., 2006).
All cells arise by division of preexisting cells. Cell division
is a highly orchestrated process in which the genetic ma-
terial is first duplicated and then carefully parceled out
to each daughter cell so each inherits one complete
set of chromosomes—no more and no less. To accom-
plish this task, dividing cells assemble a mitotic spindle,
a complex network of molecular tracks and motors that
pulls the chromosomes to one of two ‘‘spindle poles.’’
Following cell division, a functioning nucleus is reas-
sembled around the segregated chromosomes.
Key events during cell division are regulated mainly
by phosphorylation and/or by the selective destruction
of essential substrates. The master regulator of M phase
is the cyclin dependent kinase 1 (Cdk1). However, Cdk1
delegates some tasks to other mitotic kinases that help
to fine-tune the system by specifically regulating sub-
sets of mitotic processes. One of the essential mitotic
kinases is the serine/threonine protein kinase, Aurora-
A. While the exact details of Aurora-A function appear
to differ slightly between different organisms, Aurora-
A localizes to centrosomes and spindle poles in all spe-
cies examined, and its expression and activity are cell
cycle regulated. Aurora-A plays important roles in pre-
paring centrosomes for the increased microtubule pro-
duction required to set up a mitotic spindle (a process
named ‘‘centrosome maturation’’), in separating the
daughter centrosomes once they have duplicated so
they can establish a biopolar mitotic spindle, and in
the uneven distribution of the cell fate determinant,
Numb, during asymmetric cell division (Nigg, 2001; Han-
nak et al., 2001; Carmena and Earnshaw, 2003; Berdnik
and Knoblich, 2002). Additional roles for human Aurora-
A during the later stages of mitotic progression have
also been described (Marumoto et al., 2003).
Aurorakinases, namedafter thecolorful glow observed
in the night sky over the polar regions (and itself named
after Aurora, the Roman goddess of the dawn), were first
found in yeast and were subsequently described and
named by Glover and colleagues, who came upon them
in a search for Drosophila mutations that disrupt centro-
somes (Glover et al., 1995). Since then, homologs or rela-
tives of Aurora-A have been found in all eukaryotes. De-
spite functional conservation of Aurora-A during cell
division (Carmena and Earnshaw, 2003), its regulators
and targets appear less highly conserved among differ-
ent species. For example, several vertebrate bindingpartners for Aurora-A have been identified and shown
to increase its basal kinase activity, but these proteins
do not appear to have homologs in invertebrates.
The article by Hutterer and Knoblich and colleagues
(Hutterer et al., 2006) in this issue of Developmental
Cell is about to change that. The work described in
this article establishes Bora as the first evolutionarily
conserved activator of Aurora-A, and the first such pro-
tein found in Drosophila. These results make Bora
a prime candidate for a long sought-after universal reg-
ulator of Aurora-A kinases. Moreover, the observation
that Bora activity depends on Cdc2 activation provides
a possible link between the master mitotic regulator and
its ‘‘delegate’’ kinase.
How did Hutterer and colleagues discover Bora? A few
years ago, the Knoblich lab identified Aurora-A in
a screen for proteins involved in asymmetric cell division
during external sensory (ES) organ development in
Drosophila (Berdnik and Knoblich, 2002). This same
screen also identified two mutations not allelic to
aurora-Awith similar phenotypes: abnormal head bristle
formation, failure to localize Numb asymmetrically, and
failure to undergo centrosome maturation. Here, they
show that these mutations affect the gene now named
Aurora Borealis (Bora), which encodes an evolutionarily
conserved protein with a predicted molecular mass of
w64 kDa. In Drosophila cells, Bora is a nuclear protein
until prophase, when it is released into the cytoplasm.
Bora release does not occur in string mutants (which
fail to activate Cdc2), suggesting that Cdc2 activation
is required for Bora release and/or activation.
Hutterer and colleagues present four lines of evidence
to support the idea that Bora regulates Aurora-A. First,
Aurora-A is no longer active in mitosis in bora mutants,
as indicated by the lack of in vivo phosphorylation of the
Aurora-A substrate, D-TACC (Giet et al., 2002). Second,
Bora-GFP overexpression partially rescues the defects
in ES organ development, asymmetric Numb localiza-
tion, and centrosome maturation of aurA37 mutants, in-
dicating that bora and aurora-A interact genetically. On
the other hand, Bora overexpression could not rescue
the lethality of aurora-A null mutants, indicating that
Bora is not a substitute for Aurora-A activity. Third, a
series of biochemical assays establish a direct physical
interaction between Aurora-A and Bora. For example,
GFP antibodies coimmunoprecipitate Bora-GFP and
Aurora-A from Drosophila tissue culture cells cotrans-
fected with Bora-GFP and Aurora-A. Furthermore, re-
combinant Bora interacts with recombinant Aurora-A
in vitro. Hutterer et al. (2006) take advantage of this
in vitro binding assay to map the Aurora-A binding do-
main of Bora to its conserved N terminus (amino acids
1–209). Moreover, the in vitro biochemical interaction
also occurs between recombinant human Bora and
Aurora-A, suggesting that their interaction is evolution-
arily conserved. Fourth, and most importantly, Bora in-
creases the in vitro kinase activity of Aurora-A by up
tow8-fold. Both fly and human Bora also serve as sub-
strates for Aurora-A; however, the functional signifi-
cance of this phosphorylation is not yet clear.
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134Figure 1. A Model for the Mechanism of
Aurora-A Activation by Bora
Bora resides in the nucleus until it is released
in a Cdc2-dependent manner. Release of
Bora into the cytoplasm (and/or some un-
known modification) allows it to associate
with Aurora-A. The Aurora-A/Bora complex
now activates centrosome maturation and
asymmetric cell division. Whether Bora also
plays roles in spindle assembly, chromosome
alignment, and/or mitotic exit remains to be
examined.Taken together, the data presented by Hutterer et al.
(2006) suggest a model (Figure 1) in which the release of
Bora from the nucleus in response to Cdc2 activation al-
lows physical interaction between Bora and Aurora-A.
As a result, active Aurora-A can now participate in the
mitotic processes that it regulates.
While the work by Hutterer and colleagues makes sig-
nificant contributions to our understanding of Aurora-A
regulation, many questions remain, and new ones are
raised by this work. For example, it will be interesting
to learn how Aurora-A is regulated in cells that express
both Bora and one of the other, previously identified ac-
tivators. Do these activators compete, cooperate, or do
they perhaps regulate distinct activities of Aurora-A?
Does Aurora interact with more than one activator at
a time? Is there a functional explanation for the observa-
tion that Bora activates the kinase activity of Aurora-A
onlyw8-fold, while other activators reportedly increase
the kinase activity up to 20-fold? Does Bora have a func-
tion in the nucleus? Does Bora have functions in the cell
that are independent of Aurora-A?
Aurora-A has become an attractive target for potential
cancer treatment therapies because of its essential role
during cell division and because it is commonly overex-
pressed in human tumors (Andrews, 2005). Developing
good drugs and cancer therapies that target Aurora-A
requires in-depth knowledge of both its upstream acti-Developmental Cell 11, August, 2006 ª2006 Elsevier Inc. DOI 10.1016/
Noisy Silencing of Chromatin
Chromatin-based repression is a major mechanism
for epigenetically heritable variation. Work in the
July 21 issue of Molecular Cell quantitatively exam-
ines transcriptional silencing in individual yeast cells,
demonstrating locus-specific effects and finding that
different silencing mutants exhibit qualitatively dis-
tinct single-cell defects.
The levels of most cellular components are thought to
vary on a timescale of one generation or less, effectively
because the persistence of chemical fluctuations oftenvators and its downstream targets. The work presented
by Hutterer and colleagues gets us one step closer to
this goal.
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is bounded by the time it takes to duplicate the compo-
nents. This would mean that most nongenetic variation
cannot be inherited. A notable exception is the packag-
ing of DNA into chromatin—a process that, in some
cases, faithfully reproduces heritable states and creates
expression patterns that can persist over tens of gener-
ations. Such epigenetic phenomena play a major role
in development and can contribute greatly to population
heterogeneity. In the July 21 issue of Molecular Cell, Xu
et al. (2006) report on the epigenetic silencing of yeast
heterochromatin, providing several new insights into
the underlying stochastic mechanisms.
Saccharomyces cerevisiae heritably silences three
classes of genomic elements—the rDNA clusters, the
